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Genotypic variation, heritability , genotypic and phenotypic correlation 
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characters in bread wheat
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�\+55555: �55555��55555�2

(Baker, 1986;  Falconer, 1989; Miller, et al., 1957).

       =5: ���)�51Y q1�5�
�� H�A() %�     %� �2
�\+5: ���)�5G$

 RX�
� �@
2 +� �+�98U@555 : R  =555�2 55555 �\ R 5555�.

�
15555555��� N�+555555555X�
� 
�55555R ��555�� +555: �+�95558

A8 ��
555555M�: � V555555+)Pesek and Baker, 1969 (


�55555���5555555 [ =5555�2+555555� .	555�+555 ��h) v555 "�+

1Y55��)�55�[Genotypic coefficient of variation(GCV)]

�5555555555555555	  ���)�555555555555G$ "�+555555555555��h) v�+

[Phenotypic coefficient of variation(PCV)]  v5�)+) =: 

���)�1Y q1��
�� %� /2�U3�� �:)2
g

σ ( )�5G$ q1��
�� � ���

)2
ph

σ (H55� � "�U55@ O�01�55�� O�55G�)x ( ��55�� +55: �

:�
=T ��� �1�4 =���
� +�%.

100
x

2
phσ

×=PCV

100
x

2
gσ
×=GCV

             %� /2�U35�� �5: ���)�5G$ � ���)�51Y �03A5��� v��+	

   q1��
���' � �� q1��
��  +g %� ���)�G$ � ���)�1Y ��� j�

;�555�+$   -�
�555M�� � +555,�� i555��) /�5554 =555��
� ��555�

(Miller et al., 1957)�1��2+[ =���
�  +�% >+4 =:  :

)2
ph2)(σ2

ph1(σ

ph1,2σ

ph
Γ =

)2
2)(2

1(

2,1

gg

g
g

σσ

σ
=Γ

 O�� 
2 =' =T:�
��r	 +: 555��03A��� v�+σ�σ2 =:

   �q1��
�� � q1��
���'+: v�)+)g � ph�5   � ���)�1Y H�?

 � ���)�G$1�2�1
�2 R^�2 ��2 � ;�� "�U@+:.

       v��+	 -��%\ R<F ���)�1Y �03A��� 
���� ��Tb

 555: +555�% =555T:�
 %� ���)�5551Y �03A555��� =�555�\ R555�2

)Falconer, 1989.(

2
y.h2

xh

)2().2(
)

g
r(1σ(γg)

yhxh σσ
−=

  -\ 
2 ='σ   � 
���� ��Tb 2
x

h    RU@ �+�98 RX�
� 

� ;��2
yh�
� X5555R855�95555U@ �+555555� ��2 R5� ��554�:

;��+$ j:�T�+�% ���:

2
xphσ

2
xgσ2

xh = 2
yphσ

2
gyσ2

yh =

{v� , Z���(
](��	�, ��/��

          
2 ~5,3]� "�U5@ q1�5�
�� =5�+E) %� _@�` ���31

F55  ;��� �\ 55 �� /�5R.    O�� ;��55F O�� ���� +:  %� ��

    �G�� N?3b� "�U@ +c'� +d1 �1
�2 
�2 .    
2 *�1 i�
� +X�
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 ;��F�~,3]� "�U@ q1��
�� =�*E) ���31 5

Table 1. Analysis of variance for different traits
"��:+� O�01��� MS"�U@ O�01���

Mean
6���%\ /��34�

df=96E×L
df=24

O�� L
df=24

               i�
�
2
�+M)
df= 4

 i�
�E
df= 1

Traits

X:� (�
>� �&�C <�=>
a) Main stem traits

0.440.0260.058**0.058**0.062ns3.256**
2 =.�� =: =,�G� �1%� R�A1S3
Spike to stem  weight ratio at S3

1.270.0580.203**0.197**0.025 ns5.223**=.�� =: =,�G� �1%� R�A1
2S4♣
Spike to stem wight ratio at S4♣

1.540.0390.060 ns0.183*0.051 ns8.516**
2 =.�� =: =,�G� �1%� R�A1S5
Spike to stem ratio at S5

41.9969.876128.364*212.142*108.868 ns14727.45**=,�G� 
2 =1�2 2���)
No.of kernel /Spike

17.022.0722.508 ns13.526**1.934 ns372.157**��)=,�G� 
2 =�,�G� 2�
No. of spikelet/spike

s (���2 �&�C <�=>
b) Tiller stem traits

0.410.0040.023**0.032**0.004ns1.893**
2 =.�� =: =,�G� �1%� R�A1S3
Spike to stem ratio at S3

1.180.0630.228**0.192**0.077 ns5.023**=: =,�G� �1%� R�A1.��=
2S4
Spike to stem ratio at S4

1.500.0550.071 ns0.186**0.112 ns8.857**
2 =.�� =: =,�G� �1%�  R�A1S5
Spike to stem weight  ratio at S5

31.66633769.6161399727.47**190.878**85.587 ns6842.747**=,�G� 
2 =1�2 2���)
 No. of  kernels/ spike

14.893.53.617 ns10.895**4.735 ns345.416** =,�G�
2 =�,�G� 2���)
No. of spikelets/ spike

| ( 0�'
�� .�/��, 0�'
��
c) Yield and yield components

5.421.0641.057 ns4.326**3.377 ns33.546 ns=1�22+M,��Grain yield(t/ha)
3.650.1410.178 ns0.652**0.474 ns0.130ns=1�2 �@ -%�100 grain waight(g)

37.7027.76348.877*47.951*25.766 ns2906.917**R4�2+: lb�4Harvest index (%)
540.298146.78920126.657**27307.354**11823.067 ns8215158.407*}:+� +3� 
2 =,�G�2���)

No. of spikes/ m2

< (���� <�=>
d) Plant height

75.0197.726150.767 ns425.659 ns247.352 ns3253.717*W�U)
�Plant height (cm)
1.710.3210.971 **0.803 **0.443 ns4.23*=,�G� =EG8 2���)
�2
2=)�:

No.of fertile tillers/ plant
3.640.9891.110 ns1.885 *1.482 ns101.139*=)�:
2   =EG8 _' 2���)

No. of tiller/plant
14.555.0187.544 ns7.476 ns22.351 ns39.332 nsV�Y�^��: 2+M,��Biomass(t/ha)

♣ :: �UG� ���)�1Y q1��
�� -�� "�U@ O�� 2
�� 
2 =: /��\ R�2 =R�� /�4 
�dG� +U@ ����)�1Y q1��
�� ��F . �: ���)�1Y �03A��� v�+	 =���
� R^�` O�� 
2
 RX�
� � 2+M,��� �+�98GCV��1 +�98 -�M�� �M�31Y R$+&�8��4�:.

♣:As in these traits genotypic variance is negetive zero was replaced instead of  genotypic correlation with yield, heritability GCV and genetic advance.
*�** >�T� 
2 
�2 �G�� v�)+) =: p%�� %              . .                                                      * and ** Significant at the 5 and 1% levels of probability respectively

ns :
�2 �G�� +�Pns: Non significant
-�&1 �+�98 RX�
� -�3� 
2 *31�+8 _b�2 2����RX�
� 
���� /��34� /�G�2�� RU@ +� �+�98�G4�:.

.Values in the brackets in column of heritability are standard error of heritability for each trait
GCV : ���)�1Y "�+��h) v�+	GCV: Genotypic 

coefficient of variation
PCV :���)�G$ "�+�h) v�+	PCV: Phenotypic 

coefficient of variation
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 ;��F =��2��Table 1. Continued

 "��:+� O�01���MS O�01���
Mean

/��34�6���%\
   df=96E×L

df=24
 O��L

df=24
i�
�
2
�+M)

df= 4
 i�
�E

df= 1����Traits
3.370.0820.170**0.401 **0.091 ns0.018 ns =.��+T.);�� /+01��� (

stem.diameter (mm)
(1st. internode)

24.04217.952371.381*105.602 ns363.537 ns11.222 ns=EG8 "�U,) �@
2
 Tiller mortality(%) 

64.59169.034268.712 ns437.024**670.806 ns6.263 ns
�
�:�1 ��� =EG8�@
2
Infertile tillers(%) 

8.940.9830.986 ns3.712**0.473 ns13.428**

V&�
 -��: =,�G� ;�g
Length of awnless spike (cm)

13.592.9743.607 ns11.854**1.175 ns33.863**V&�
 �: =,�G� ;�g
Length of awned spike (cm)

8 ( q+��9�)�:��/%2 V�5H

e) Physiological indices
1.530.2030.284 ns0.323 ns0.665 ns2.532 nsCGR1
3.151.2351.41 ns3.243**1.321 ns43.557**CGR2
2.244.6825.457 ns5.878 ns0.935 ns176.085**CGR3
0.602.0024.415**3.525 ns2.335 ns37.667**CGR4
0.810.0780.072 ns0.085 ns0.186 ns0.685 nsNAR1
0.850.8261.384*1.554*0.200 ns37.735**NAR2
0.820.8261.384 ns1.554*0.200 ns37.735**NAR3
0.6469.48672.463 ns68.47370.388 ns758.934*NAR4
7.311.4711.001 ns1.767 ns5.586 ns55.969*RGR1
3.240.7280.757 ns1.666**0.607 ns9.284*RGR2
1.011.0741.362 ns1.549 ns0.177 ns21.712**RGR3
0.190.2690.476*0.306 ns0.421 ns2.570 nsRGR4

550.9720095.43526693.734 ns40309.368**190632.1 ns151282.98 nsLAD1
1593.9198646.541227756.233**1116640.578**226936..946 ns5638344.236**LAD2
1168.3867862.303278955.526**269996.818**362061.01 ns5638344.236**LAD3

385.6558761.255157305.132**154447.063**551726.233 ns2215.943 nsLAD4
�R�� =3$+[ "
�@ /2�2 _���) /�+[ O�� "�U@ 2
�� 
2 5.

*�** �G�� v�)+) =: ;��3`� >�T� 
2 
�2p % ��%.* and ** Significant at the  5 and 1% levels of probability respectively .   

ns :
�2 �G�� +�P.ns : Non significant                                                       

s3:=)��1��� �
�2+:s4:=1��)� �
�2+:�
�<s5:=1��1HEG8 �
�2+:S3: Thirth sampling          S4: Fourth sampling      S5: Fifth sampling   

: "�U@ +c'� =F5 �=1�2 �@ -%� �=1�2 2+M,�� *

�������2���) � =EG8 "�U,) �@
2 � =.�� +T.

+0�2 "�U@G��5555�: 
�255555R�� /2� .g�5555�?55"�

F5555��5555
2 }G��%55555X� =55555�
� +55555M) �i555
2 
�+

�
�555�� �i5�
 6���%\ /��34� � i�
� 
2 O�� �O

�� ;��F 
2 -��)�2+' =d`?� .

            , �1%��;() <��;%%`� 6��;7 � V��a� $_�	, � A%3(�%�
          0�;'
�� �� <�=> �1%��() �3��4�5 6��7  , �1%���2

�(�0

: "��?g� =� /��\ R�2 "����
� % ��: ;��F 
2

�R�� /�4 /2
�\  .;��F O�� ����+: O�+)��:

RX�
��+�98 =,�G� 
2 =�,�G� 2���) "�U@ =: Z�:+� ��

,@� =.���) �t/�n=%h2(�) �55��+$ =,�G� 
2 =1�2 2��

)��/fu=%h2(  �LAD2)��/fp=%h2(g �55 =,�G� ;�

 V&�
 -��:)u�/f�=%h2 ( O�+3�' �RX�
� �+�98

� 
2 �,@� =.�� =: =,�G� �1%� R�A1 "�U@ =: Z�:+

=1��1 ��� �
�2+:)np/� =%h2( 2+M,�� � V�Y�^��:

)t/�=%h2 ( R�� /2�: .X�
�55R855M,�� �+�955 
2 2+
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��55�%\ O55 +:�+: 6��pt/�� %[ 2
�\+:5�2+55�.

8550&��755�2�(� �2��3� -�+553� +5i����' �� ��
 �

 r
��) R�,:�. ��+:=1�2 2+M,��/2+' �
�*[ �: =' �1�

T� 6���%\ O�� %� _@�` =E�3155R5(:�2
�2

(Pathak and Nema, 1985) .3�'55: +55-2�(�555 
��


2 "�U@ +��� =: R�A1 =1�2 2+M,�� r
��) R�,:�.

��
+: v,P� "�+X� =' R�� W�	�� O�� %� �'�` ��

�
 RU@ O�� ���)�G$ "�+��h) Hd�� R�A. �T�
�

: =�� 2�F� i($ +)+: ��)�1Y S�]31� =E�31 
2 ��1
�\

��1 =1�2 2+M,�� ���� +:�4�: +XB� -��G� �1��) .

RX�
���� �+�985U@ +55 ;��F 
2 "��R�� /��\  .

RX�
� +� 
���� /��34�-\ 
�G' 
2 *31�+8 -�
2 
2 �+�98

RX�
��
� �+�98�/�4 =R5��.F R<5�� O5���)*-�

�� W�555G)2 2�555F 

2 =���
� =: ���.� "�U@ -�

��)�G$ � ���)�1Y "�+��h) v�+	55��2+[ � . =�,' 
2

: ���)�G$ "�+��h) v�+	 "�U@55�
*�+	 %� +)55 v

��h)55��)�1Y "�+55: �52� . "�+��h) v��+	 O�+)��:

lb�4 /�+[ "�U@ �
 ���)�1Y�Y�^��*�$ ���55 V

b =:55�12�2 ��x3b� 2� .+��h) v�+	 ���)�1Y "�

�� -�&1 "�U@ "�U@ 
2 2�F�� W�G) =' �G�2

,3]�5U3� ~55�� "��5R .!�: 
255 2��% W�G) "�U@ �

�!�: 
25U@ �5G) "�5F� ��' W�52
�2 2� .k��,A� +� 

-\ 
2 S�]31� �4�: +3&�: "�U@ 
2 2�F�� W�G) =� ��

)��: R.2 %�5: �+55b+552�: ����b 
�2
�

)Falconer, 1989 .(-���g55�
�'55��2� 
2 =55 =


:55 ��
�2 =' "�U@ %� �2���) �4 ����b �

 =: =F�) �: �12�: ��' W�G)�[7�� ��� +0�2

03A��� v�+	 _c� "�U@ O��5555��)�1Y �55 ��

RX�
�-\ �M�31Y R$+&�8 � �+�98 6���%\ %� ��

�1�4 N9`.

 O55�� =55: =55F�) �55:  6��7558 O55�� �,55@� N�55� =55'

O�55��)  �)�U55@    +55: /�?55� =55' R55���55[7��  ��55�

  
2 /�4 +'�R�A.           �5: =5T:�
 O�+)��5: ��
�2 _5�. ��5�

M,��5555=551�2 2+G4�:555555.�  ���  v��+55	 =�55��
� =55: ��

03A55���5551Y �55555���)�  2+55M,�� �55: ~55,3]� "�U55@

[+555555�25� .�55555555 %� N��
5555���555555�+	 =555555 v

03A���55 �)�1Y ��  :��
 ��
+: ��i =' R�� �T��+4 
2 

�55   �1
��1 �3^�b2 �T�
� _��� .     �03A��� v�)+) O�� =:

       � �035���8 /�[�5�2 %� 2+5M,�� � ~5,3]� "�U5@ O�:

�,855555�: �8�+)�55555555U@ O5  
�+555. �555�
+: 2
�555� "�

�5555�2+5555�[ ./%��55551� "�U5555@ +5555c'�/�55554 �+5555�[

�555G�� �03A555��� v�+555	 mT555� 
2 �
�2� % �555�p %

555M,�� �555:5�G35554�2 =5551�2 2+ .  �5551%� R�A5551 "�U555@

�G555��1 
2 �555�+$ =.�555� =555: =,555555=1����555� �
�2+555:

LAD1�LAD2�G�� ���)�1Y �03A��� v��+	 ��: �
�2

2+555M,��1 =5551�255555�G34����2� %� �55555�%\ =5��55555 6

`5 �1��2+[ N9.        O�+)��5: �,5@� =.�5� /�+[ "�U@%�

    2���) RU@ �
 ���)�1Y �03A���    �5: �,5@� =,�G�
2 =1�2

2+555M,��)**��/n (2�2 -�&5551�555: =;�555�12 -\  RU555@

R�A1  �51%�  =555555,�G�    
2 �,5@� =.�5� =5: S5 �5:  v�+5	

�03A���**fp/n          
2 =�,�G5� 2��5�) RU@ -\ %� q8 �

    �03A��� v�+	 �: �,@� =,�G�**f�/n      
2 2+5M,�� �5: 

 /2�: Z��)
� �51�.           O�+)��5: �5�+$ =.�5� /�+5[ "�U5@ %�

v�+555	 RU555@ �
 2+555M,�� �555: ���)�5551Y �03A555���

55� �551%� R�A551 
2 �55�+$ =.�55� =55: =,�GS5 v�+55	 �55:

�03A���**f�/n           
2 =51�2 2��5�) "�U5@ -\ ;��12 =: �

      �03A��� v�+	 �: ��+$ =,�G�**f�/n    =�,�G5� 2���) �

   �: ��+$ =,�G� 
2v�+	03A���555�**e�/nG34�2 5555� .

��555531 O55��5555�55:5�55�5=3$���@ ��55�55555-�
�55M�� � j

)Siddique et al., 1989b( �' +5555 �:)Kirby, 1988(

55'5RU55@ +XB55� 655(1 +55: /�55�(� = =,�G55� �551%� R�A551

=55��1+: 
2 =.�55� =55: 
�55dG� =55: �2�7551 =55: ��55� 6��*55$�

2+55M,�� H55� � �551
�2 �
 =551�2 �
�*55[ �55: O�55G� ��55�

�(  M�� � ��55  -�
�)��f�( 8 �55555555 � �+31�255551� 55555�

)Perry and Dantono, 1989(��@ �555M�� � j555555-�
�

(Siddique et al., 1989a)�� 55$?551\ � +5555555555
� �555�

(Slafer and Andrade; 1989 and 1993) �455555-�
�

(Shoran, 1995)' 555555: =5555555F� +555552��03A555���

                  =51�2 2+5M,�� � =,�G5� 
2 =51�2 2��5�) O�5:  R5�c� � ��:
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 ;��F�� �: "�U@ ���)�1Y �03A��� v�+	 �O�01��� 5RX�
� �=1�2 2+M,� ��+�98GCV �PCV~,3]� "�U@ 
2

Table 2. Mean, genotypic correlation of traits with grain yield, GCV, PVC and genetic advance in different traits
v�+	"�+��h)���)�G$

Phenotypic 
coefficient of 

variation
(PCV%)

v�+	"�+��h)���)�G$
Genotypic

coefficient of 
variation
(GCV%)

RX�
��+�9�
Heritability

(%)

v�+	   �03A���
���)�1Y�:2+M,��

Genot.correl.
coeff.with  

grain

O�01���
Mean

"�U@
Traits

X:� (�
>� �&�C <�=>
a) Main stem traits

25.192.59)0.389(1.050.71**0.44=,�G� �1%� R�A1
2 =.�� =: S3
Spike to stem weight ratio at S3

16.75   1.27=.�� =: =,�G� �1%� R�A1
2S4♣
Spike to stem weight ratio at S4

11.659.30)0.177(63.660.75**1.54
2 =.�� =: =,�G� �1%� R�A1S5
Spike to stem weight ratio at S5

15.108.90)0.288(34.710.82**41.99=,�G� 
2 =1�2 2���)
No. of  Grain /Spike

8.897.96)0.107(80.140.71**17.02=,�G� 
2 =�,�G� 2���)
No. of  spikelet/spike

 s (���2 �&�C <�=>
b) Tiller stem traits

31.8024.30)0.324(20.670.008ns0.41
2 =.�� =: =,�G� �1%� R�A1S3
Spike to stem weight ratio at S3

57.32   1.18=: =,�G� �1%� R�A1=.��
2S4♣
Spike to stem weight ratio at S4

12.009.23)0.202(59.230.78**1.50
2 =.�� =: =,�G� �1%� R�A1S5
Spike to stem ratio at S5

17.0915.2)0.150(79.120.73**31.66 
2 =1�2 2���)=,�G�Kernels/ spike
9.097.33)0.184(64.930.68**14.89=,�G�
2 =�,�G� 2���)Spikelets/ spike

| (0�'
��  .�/��, 0�'
��
c) Yield and yield components

8.734.05)0.343(21.5415.42=1�22+M,��Grain yield (t/ha)
9.167.71)0.151(70.67-0.61**3.65=1�2 �@ -%�100 grain weight (g)

14.309.8045.40(0.396)0.61**37.70R4�2+: lb�4Harvest index (%)
13.796.40)0.329(21.570.42*540.29}:+� +3� 
2 =,�G�2���)Spikes/ m2

< (\��� <�=>d) Plant traits

11.579.02)0.189(60.79-0.72**75.01=)�: W�U)
�Plant height(cm)

25.29   1.71=)�:
2
�2 =,�G� =EG8 2���)♣
Fertile tillers/ plant♣

15.669.88)0.282(39.840.44*3.64=)�:
2   =EG8 _' 2���)
No. of tiller/plant

8.290.73)0.394(1.40.79**14.55V�Y�^��: 2+M,��Biomass (t/ha)
8.085.81)0.219(51.80.85**3.37 =.��+T.);�� /+01���(

Stem diameter (1st internode) mm

♣ :: �UG� ���)�1Y q1��
�� -�� "�U@ O�� 2
�� 
2 =: /��\ R�2 = +U@ ����)�1Y q1��
�� ��FR�� /�4 
�dG� . �: ���)�1Y �03A��� v�+	 =���
� R^�` O�� 
2
� �+�98 RX�
� � 2+M,��GCV��1 +�98 -�M�� �M�31Y R$+&�8��4�:.

♣:As in these traits genotypic variance is negetive zero was replaced instead of  genotypic correlation with yield, heritability GCV and genetic advance.
*�** >�T� 
2 
�2 �G�� v�)+) =: p%�� % .                                                                    .* and ** Significant at the 5 and 1% levels of probability respectively

ns :
�2 �G�� +�Pns: Non significant
-�&1 �+�98 RX�
� -�3� 
2 *31�+8 _b�2 2����RX�
� 
���� /��34� /�G�2+� �+�98�� RU@ �G4�:.

.Values in the brackets in column of heritability are standard error of heritability for each trait
GCV : ���)�1Y "�+��h) v�+	GCV: Genotypic 

coefficient of variation
PCV :���)�G$ "�+�h) v�+	PCV: Phenotypic 

coefficient of variation
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 ;��F =��2��Table 2. Continued                                      

PCV
Pheno.

coefficient of 
variation

(%)

GCV
Geno. 

Coefficient of
variation

(%)

RX�
��+�98
Heritability

(%)

v�+	  �03A���
���)�1Y�:2+M,��

Genot.correlati
on coeff.with 

grain yield

O�01���
Mean

"�U@
Traits

8.176.36)0.187(60.670.65**3.64 =.�� +T.)��2 /+01���(
Stem diameter (2nd internode)mm

12.428.78)0.179(50.00.41*0.04=.�� ;�g �`�� -%�Culm  density
13.958.2034.57(0.291)-0.49*64.592
�
�:�1 ��� =EG8�@


Infertile tillers (%)
8.837.54)0.147(72.98-0.40*8.94V&�
 -��: =,�G� ;�g

Length of awnless spike (cm)
10.488.63)0.166(67.770.44*13.59V&�
 �: =,�G� ;�g

Length of awned spike (cm)
60.7352.32)0.367(10.521.06�1.53CGR1
72.3660.25)0.236(52.06-0.75**3.15CGR2
64.3150.31)0.353(16.701.88�2.24CGR3
80.94   0.60CGR4
50.3128.94)0.83(5.601.47�0.9NAR1
74.5660.4510.59 (0.239)-0.86**0.85NAR2
81.4265.31)0.385(2.910.54**0.82NAR3
85.67   0.64NAR4

6.914.89)0.274(50.050.26**7.31RGR1
16.2411.80)0.236(52.87-0.61**3.24RGR2
51.8321.32)0.35(.16.920.42**1.01RGR3
65.4   0.19RGR4
15.408.64)0.307(31.220.24ns550.97LAD1
27.857.64)0.116(75.280.06ns1593. 91LAD2
21.4113.93)0.398(42.300.54**1168.38LAD3
47.7827.73)0.396(33.700.42*385.65LAD4

S1:=1��1                     ;�� �
�2+:s2:=1��1            ��2 �
�2+:S3:=1��1                    ��� �
�2+:s4:=1��1          �
�<� �
�2+:s5:=1��1HEG8 �
�2+:

   S4:Fourth sampling           S5: Fifth samplingS1: First sampling              S2:Second sampling             S3:Thrid sampling  

  T� ��1
�2 ��'#)� 2
�2 R(: .        �5G�� "�U5@ ��5�  /�+[
2

/�+[M,��552+ F� �55 M,�� a�*5     �5: R54�2+: lb�4 �2+

v�+	���03A�**e�/n      �
 ���)�51Y �03A��� O�+)��: 

�55:M,��55551�2 2+55555&551 =55552�2 -� .455555-�
�(Shoran, 

1995) (� �55  M�� � ��5-�
�)��f� (�   -�
�5M�� � ������

)��ef ( ���31 *�1<:�&�5  ' �
�*[ �55/2+�1� .85   -\ %� q

 @ -%�55 1�2 �55    �03A5��� v�+	 �: =**e�/n     2��5�) � 

  3� 
2 =,�G�       �03A5��� v�+5	 �:  }:+� +**t�/n 5:  =  
�5g

�G��   : Z��)
� 
2 �
�255 M,�� �55 1�2 2+55 : =5555/2�1� 55555� .

:55)��55�+5 	 O55 03A��� v��+5      
2 2+5M,�� �: ���)�1Y �

   G�� "�U@ �
�<� /�+[55    U@ �
 =)�: "�U@ �55"� :T.5 +

  =55.��) ;�� /+01���) (**�p/n(�U)
��    =5)�:  W)**f�/n ( �

. 555T+=.�5555� )��55555555��2 /+01�()**ep/n(@
2 �5555555 �

5555EG85= 
�
�5555: �55551 ��5555� )*tu/n  (: �
�25512�555555� .

UG�55 : �55 T:�
 -2�55    =EG8 �@
2 � W�U)
� =   �: 
�
�:�1 ���

     *�1 -�+0�2 "�(�(
) 
2 =1�2 2+M,��     R5�� /�54 -��5G�

)M�� � ����55��5555�-�
���ef .(��+	55555v03A55���55 �

   F 
2 "�U@ +���55�;��  �\  5555 �� /�555R .[
2 55555 /�+

� :;��. _:�. +�P � V� %� +3[
*: �03A��� v�+	�: Correlation coefficient is bigger than one and unaccepted                                                                                   

    CGR: Crop growth rate(gm-2 day -1)
     NAR: Net assimilation rate(gm-2 day -1)
     RGR: Relative growth rate(gg-1 day -1)
     LAD: Leaf area duration(m2 day-1)
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٩٥

EG855 U@ H55 	 "�55��+55     2+M,�� �: ���)�1Y �03A��� v

. O55�� =55: �55[
*: v55�)+) =55:5555: 
�+55555�12� :NAR2: 5555 �

 03A55��� v�+55	55 �**�e./  �CGR2:55555	 �55�+5555 v

03A55���5555�**fp/n  �RGR255:5�03A55��� v�+55	 �

**e�/n   �NAR3  �03A��� v�+	 �:**pt/n � LAD3�:

 �03A��� v�+	**pt/n  �LAD4    �03A5��� v�+	 �: 

*t�/n.

    /��3554� _55�^2 =55: "�U55@ �55b+: ���)�551Y q1�55�
��

�155=1�:55   /2�2 2���) ��' ��
�2+  U3�� � ��55  � %� /2� 555;�

    �5UG� �$�' �M�31Y W�G) 2�F� ��� �� � R�
2�1 �
��\

   R5�� /�54)Baker, 1986; Miller et al., 1957 .( 5�� 
2 O

 55: �2
��55� O�55G� 
2 6��55�%\ = RU55@ q1�55�
�� ��55F

�55g�:+5 U@ =5 dG� +55 [ 
�55��2+ .:  =55g5   �)�U@ �,' 
�

   �55G�� ���)�551Y �03A55��� v�+55	 ��
�2 =55' �55: �
�2

  R55X�
� ;�55` O�55� 
2 � �5512�: 2+55M,��  _55:�. �+�9558

  G34�2 *�1 �^��. 5555 : ��   =555� 555       �2�5�% �5M�31Y W�5G) /�?

 2+[ ���55��G4 �G3554�2 H55�  O�55: %� =,�55�� O��55: � �551��

tp  /%��1� RU@  5�[5    /�54 �+��    �1�54 S�5]31� RU5@  .

-\ O�5555: i5555:��
 =5555' �5555
: 2
�5555� =5555��2� 
2 �5555�


�+.��2+�[ .

X
�Y� <�=> A%� �1%���2 , �1%��() �3��4�5 6���7
;��F�           O�5: ���)�5G$ � ���)�51Y �03A5��� v��+	 

U@555 ,3]� "�55  &1 �
 ~55 � -�55��2555�. �:  F�) 5   =: = O��

 �� ;��F        =,�G� �1%� R�A1 RU@ =' 2+' =d`?� -��)

  
2 =.�� =:=.�� 
2 � �,@� =.�� "�U@ +c'� �: ��+$ ���

          �5G�� � R5�c� �03A5��� V5� =�^�T� 2
��   � =354�2 
�2

($55   @ -%� �: i55 �=1�2 �U)
� 555    �=5)�: W�NAR2 � RGR2

03A���5 UG� �55555G�� � �55�1
�2 
�255555� .
2 �A5:55 �
�

 T� %�5�^�55    =' R�� /�4 �
�*[ "�    =: =,�G� �1%� R�A1

  R55<F �:�55b 
�55��� =.�55�  =55551�2 2+555555M,�� 2+�&55�8

�55�:555�5555554�(Siddique et al., 1989b)' 5555  O5�� 
2 =

) W�	�� O�� k�(�.2 *�1 6���%\#R�� /�4 ���  .

   "��55(� 
2 =55' R55�� �3U55@ =,�G55� 
2 =551�2 2��55�)

H<�+)      R�� /�4 �
�*[ 2+M,�� 6��*$�+: +XB�a*F O� .

(Perry and Dantono, 1989; Waddington et al., 1986)

: =�
�g
2 =';��F��� =d`?�      =,�G5�
2 =5� 2�54

  � �,@� =.��
2 =�=,�G�=.�� ���  RU5@ O�� ��+$ ���

  � R�c� �03A����G��       � =354�2 =51�2 2+M,�� �: �
�2  �5:

   1�2 �@ -%� RU@55 03A��� =55 UG� �55 2
�2 � .  �)
��� =:

 
2 �?)  %� 2+M,�� 6��*$�       �5) =51�2 2���) 6��*$� j�+g

/%��1�  �� �cGb =1�2 -%� 
2 6��' j�+g %� ��  �2 22+5[

 RU55@�2 O55�� ��55M�� �03A55��� =55�F�) ��+55: =�55	+$

F�5555 2
�2 2� :$55 ;�� =�	+ �� 5O     =1�2 2���) 6��*$� �: ='


23�2 R55�,:�. }55:+�+3� ��+55: �*3G55��3$ 2��55� =55: �55�+

 ��+3�' =1�2+�          =51�2 V5) -%� 6��' =: +EG� �9^ � 2�4

��   � 22+[ ��2 =�	+$ O��      =,�G�
2 =1�2 2���) 6��*$� ='

 �55� �55��:   =551�2 2��55�) �55) 2�554   
2 �
 �+3&55�: ��55�

R555��.��%� ���555� =5551�2 -2+555'+8 _�A5551�38 =555' =,�G555�

-\ R555�� O���5558 �555�)��5553:��=,�G555� ��555<31�(2 =35554�

� H�5555554�:   =5555551�2 -%� 6��555555' �555555��: O555555��

�55555�[55522+(Slafer and Anderade, 1991 and 1993)

  � R55�c� �03A55��� 6��55�%\ O55�� 
2 =55F�) _55:�. =553M1

�55G�� =.�55�+T. 
�2)� ;�� /+01�55����2 /+01�55�� ( -%� �

�`��g      =,�G5�
2 =1�2 2���) �: =.�� ;�    � �,5@� =.�5� ��5�

=.��  �� ��+$ ���: �54��   +5d1 =5: �5� �5�
    O5�� =55555'

�[7��   ��5�   �5� =55555.��G1��) 555      
2 ��5��G� ��5�
���� �

   �G4�: RU@ O�� 6��*$� .   O�� %� _@�` "��?g� ����+:

    �=,�G� ;�g 6��*$� �: 6���%\ �=�,�G� 2���)   � =.�� +T.

   =.�� ;�g �`�� -%���         
2 =51�2 2��5�) 6��*5$� =5: -��)

R$�� R55�2 =,�G�.


2��       "�U5@ +5c'� �5: =1�2�5@ -%� RU@ 6���%\ O

        i5($ RU@ O�� R�� =34�2 �UG� �03A��� ��
+: 2
��

: 555U@ � 555U)
� "� 555: W� 5555 =)�RGR2, CGR2  �03A5��� 

G�� R55�c�5555�
�2&5515555�� /2�2 -�5555R .�A55:5555%� �
�

(�(
)55555"�   �]�
�55) +�55�
2 �
 =551�2 2+55M,�� 6��*55$�

  O5�� >?5@�    b�54 6��*5$� =5: /�5�[  R�A51  R54�2+: l

/2�2 �1�(Slafer and Andrade, 1991) .
2��5�%\ O55 6��

*�1 R�c� 2+M,�� �: RU@ O�� ���)�1Y �03A��� v�+	
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    ;��3`� mT�
2 �� %�G�� 2�: 
�2 .F�55�*a M,�� 5  =1�2 2+

             R54�2+: lb�54 �5: �53�c� �03A��� =1�2 �@ -%� *E:

�G3554�2 . 55: =.�55� ;�55g �55`�� -%� �03A55���� lb�554

�55G�� 
��A55: � �55UG�  R554�2+:2�55: 
�2=55T(1 %� =55' +55d1

=�F�) *�1 �M�Y�^��*�$R�� 
�d31� 2
�� � +�98 .

     ;��F =: =F�) �:�  �� =d`?�         _5' 2��5�) =5' 2�54

          =,�G� � �,@� =,�G� 
2 =�,�G� 2���) �: =)�: 
2 =EG8  ��5�

   �G��� R�c� �03A��� ��+$    mT5�
2 
�2� % =354�2 �51� .

O���g          6��*$�  ���: =)�: 
2 =EG8 _' 2���) 6��*$� 
�

     �55@
2 � mT55� �55`�� 
2 =,�G55� 2��55�) �=55)�: W�55U)
�

=EG8  �� 
�
�:�1 ���         ���)�5G$ �03A5��� =: =F�) �: � 2�4

               �5� +5d1 =5: =51�2 2+5M,�� �5: RU5@ O�� �UG�    =5' �5�


       �� S�,T� �` V� 
2 -\ -2+' 2��
�    ���
�5' �51��)

2+�: ��: �
 S�]31�.

�55��-�
�55g  =.�55�+T. RU55@ �554 =553U[ k?�55. =55'

) ;�� /+01��� (         �=,�G5�
2 =51�2 2���) -�� ��<� "�U@ �:

 ��,55@� =,�G55�
2 =�,�G55�2���)
2 =�,�G55� 2��55�) =,�G55�

$55555M,�� ���+555551�2 2+55555 =.�555� ;�555g �555`�� -%� �=

     �5G�� � R5�c� �03A���           O5�� =5: 2�5b O5�� � 2
�2 �
�2

    �� �555<F�) _:�. �%
� RU@�&]:. 3M1 55 F =5 O�� v^�

     =.�� +T. �03A��� =') ;�� /+01��� (       
2 =,�G5� 2��5�) �5:

    �5G�� � �UG� }:+�+3�          
2 H'�+5) 6��*5$� �5G�� /2�5: 
�2

1          � =.�5�+T. 6��' ���: ����[ O�: R:�.
 6��*$� =E�3

6��*$�   �� /��[ �[��:��b ;��3`�  �)
�@ 
2 22+[ =5'

        � =)�: 
2 =EG8 2���) �: RU@ O�� �03A���    �5UG� �G� +

  �G�� �^� /2�:     -�
2 R5:�.
 k��5�3`� �)
��� =: RA�1 
�2

=.�� O�: ����[� =.�� +T. ��
 -��G� ��BRA�1 +X.

    %� �M� =.�� ;�g �`�� -%��[7��  5�� ���5�  =5' R

:55��55 ' �5 b 6��55 � �[��:��55 �� =5555555.�4552� . O��

   � R�c� �03A��� RU@�G��      5U)
� � =.�� +T. �: �
�2 W�

 2
�2 =)�: . �� =:55 � �)
� 555�   5: -��5)5     RU5@ O5�� 2+�&5�8 �

        6��' �
 =.�� �[��:��b =: R�A1 �G,: �8 ��.
� R���A`

2�2 .        �G�� � R�c� =1�2 2+M,�� �: RU@ O�� �03A��� 
�2

: R�� /2� .�: ;��F =: =F�)�03A��� v�+	 55 W�U)
� �

                 �5: RU5@ O5�� R5�� /2�5: �5UG� "�U5@ R�+c'� �: =)�:

��  mT55�
2 =55' =3554�2 �55UG� �03A55��� =551�2 2+55M,� %

�G�� �� 
�2    �� �
 �03A��� O�� �4�:        R5�c� +5X� =5: -��5)

-Y�55 8 ��55  +: ���)�' �    R555A51�2 Z�:+� =1�2 2+5M,�� .


�+55� �55:�55:lb�554 +  /�55��&55� V55�Y�^��*�$ ��5555�

��   ;�x
� �4
 R�+� ='2�4(CGR)    S95F R�+� �

 l^�55b(NAR) ��A551 �554
 R�+55��(RGR)  
2 ��55.
� 

=1��1 ��2 =,`+� �
�2+:(CGR2, NAR2, RGR2) 
2 �G�� 

 =55EG8 O�55: �1�55�% /2��55
�  =.�55� �^�55g �554
 �55) �55�2

  � �UG� �03A��� �G�� 
��A:   =1�2 2+M,�� �: �
�2 �51
�2 .

 =551��1 ��55� =55,`+� 
2 l^�55b S955F R�+55� �
�2+55:

(NAR3)  �5555) ���5555,[ �1�5555�% /2��5555
� 
2 �5555G��  

   � =51�2 -�54 �+5��b     _5`�+� 
2 *5�1 �+5: mT5� ���2

 =551��1 �
�55<� � ��55� �
�2+55:(LAD3, LAD4)55G��5 �

55
� 
25/2�� 551��% ��55�5 �55) ���55,[ �  -�554 �+55��b

       _555��' -��555�
 �555) =5551�2  -�5554 �+555��b � =5551�2

�03A555��� �555G�� � R555�c� ��555�  2+555M,�� �555:  �
�2

 =3554�2 =55555551�2    2�55: H55� 
�55d31� 2
�55� =553�^� =55' �551� .

�03A55���55: ��55�  ;��55F 
2 "�U55@ +550�2 O�� _55:�. 

R�� =d`?�.

 R55�� �%�   v��+55	 =55' 2�554 /
�554� =553M1 O55�� =55:

        �03A��� v��+	 =3$+[ 
�+. ��
+: 2
�� =' �03A���

1Y5555��)�55 : �5 R�� /2� .�,A�55 : k�55 ) �55 O�� =: =F� 
2 ='

             �5T�
� _5���� +5X� ���)�51Y �03A5��� v��+5	 �
��

  �� =3$+[ /��2�1 3A��� �2�4�0 �: ���55   OM�� "�U@ O

  
��55(� +55d1 %� R55���     ���5531 �55: i55:��
 O55�� R55<F

%� =,555@�`  H555� �555Tb �03A555��� v��+555	 �1��555b

�4�: =534��1 .

;��F =: =F�) �:�  "�U5@ �b+: ���)�1Y �03A��� 

  /
�8 _�^2 =:  �
*: l�]&) _:�. +�P "����34� %� �� %� +)

 _:�. =' R�� /��2+[ 2
�\+: V�H&��4�8� ��G4�: .

       �� 6���%\ O�� %� _@�` ���31 ����+: _'
2  -��5)

           j5�+g %� =1�2 2+M,�� 6��*$� ='2+' /
�4� "�M1 O�� =:

55� "�U55@ H�(3A55�+�P S�55]31�B R$+&55�8 %� � /2�55: +)+X
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